ABSTRACT: Classic (dynamic exchange line-shape analysis) and novel (SSTD NMR) NMR techniques have been applied in order to obtain the kinetic and thermodynamic parameters of the three main processes occurring in the fluxional behavior of Pt-allene complexes with N-containing ligands, in four and five coordination mode, in solution. Our results show intramolecular helical and rotational movements closely related to each other, confirming η 1 -staggered structures as possible intermediates. The ligand exchange in these complexes seems to occur via a ligand-independent dissociative mechanism, where coordinating solvents might be involved in the stabilization of the intermediates. The differences observed in the interaction of allenes with other metals could be the basis to explain the divergent reactivity observed in platinum-catalyzed processes.
■ INTRODUCTION
The mode of coordination in metal-allene complexes is crucial for the understanding of the reactivity of these important systems.
1 η 2 -Coordination of the metal with one of the double bonds is commonly proposed as the ground state (Scheme 1), with different slippage structures toward the central or terminal carbons involved depending on the metal, the ligands, and the substitution on the allenes. More recently, η 1 -metal-allene complexes have been proposed as high energy intermediates or transition states in metal-catalyzed reactions involving allenes. 2 In this mode, the metal coordinates exclusively to the central carbon of the allene, and several structures have been proposed, detected, and even isolated: zwitterionic carbene, σ-allyl cation, or η 1 -bent allenes (Scheme 1). Although a lot of attention has been paid to Au-allene complexes, 3 studies on Pt-allene complexes are still rare.
Although platinum exhibits similar reactivity to gold in general, there are increasing examples where, under similar conditions, these two metals get involved in different reaction pathways and give different products. 4 For example, we have reported the Pt-catalyzed dihydroalkoxylation and bisindolylation of allenes, 5 which give acetals or bisindolyl alkanes with double addition of the nucleophile to the terminal or less substituted double bond of the allene, and complete saturation of the second double bond, instead of the most common allyl derivatives obtained under gold catalysis. 6 To explain the different reactivity of the two metals, different mechanisms and metallic intermediates have to be proposed for the two processes. 7 As part of our mechanistic studies on these reactions, we sought to gather experimental evidence on the type of coordination of the platinum and the allenes, in order to understand the subtle differences in reactivities observed in platinum catalysis, and to ascertain the involvement of η 1 -coordinated allene complexes as reactive species in our catalytic cycle. As the isolation and analysis of PtCl 2 -allene complexes without stabilizing ligands is very challenging, for this study, we have selected a family of Pt-allene complexes with ancillary nitrogen-containing ligands in a four-or five-coordinated arrangement, 8, 9 active catalysts in our dihydroalkoxylation reaction, 10 and we have studied them in solid state and in solution using different NMR techniques, including our recently reported SSTD NMR method.
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Three processes are proposed for the behavior of metalallene complexes in solution: the ligand exchange, the rotational movement (π-face exchange, rotation of the metal around the allene), and the helical movement (the movement of the metal from one double bond to another, Scheme 2). The mechanism of the last two processes can go via inter-or intramolecular pathways, 12 with important implications in catalysis and enantioselective processes involving chirality transfer from the allenes. 13 Interestingly, despite the suggested disparity between the ground state and the reactive forms of Pt-allene complexes, experimental data regarding their behavior in solid state and solution are still lacking.
We encountered that classic VT experiments and line-shape analysis techniques, commonly used in the analysis of fluxional processes of organometallic complexes in solution, were not suitable to study some of our complexes due to thermal instability and higher coalescence temperatures than the decomposition temperatures. Therefore, a new method was developed and applied to these challenging systems, the SSTD (Spin Saturation Transfer Difference) NMR method.
11 This new NMR protocol combines the Spin Saturation Transfer (SST) method used for small molecules, 14 with the Saturation Transfer Difference (STD) NMR method employed for the study of protein−ligand interactions, 15 by measuring transient spin saturation transfer along increasing saturation times (buildup curves) in systems undergoing mutual-site exchange. The method uses difference spectroscopy, based on the spin saturation transfer experiment, but avoiding the need to ensure steady state conditions and the determination of T 1 values. The transient spin saturation transfer is measured as the difference between the normal 1 H NMR spectrum and the 1 H NMR spectrum after saturation of one of the sites undergoing chemical exchange. We defined the η SSTD (spin saturation transfer difference parameter) as the measurement of the intensity of the "difference spectrum" (equilibrium-saturated, M 0A − M A ) over the intensity of the equilibrium spectrum (M 0A ), η SSTD = (M 0A − M A )/M 0A . 9 This method was successfully applied in the most challenging cases to study the π-face exchange, as coalescence of the signals is not needed, so a more flexible temperature range can be used in the study. Further advantages of the method include: signal overlap does not interfere; there is no need to measure T 1 or reach steady state saturation; rate constant values are measured directly and T 1 values are obtained in the same experiment using only one set of experiments; and in contrast to line-shape analysis, the methodology is appropriate for low and high magnetic fields.
We have also applied the method for the first time to the study of the ligand exchange process, showing the potential for further application of this methodology to the study of ligand exchange processes in other organometallic systems.
■ RESULTS AND DISCUSSION
Synthesis of the Pt-Allene Complexes. The synthesis of the N-ligand-PtCl 2 -allene complexes was carried out by ligand exchange with the corresponding ethylene analogue, synthesized from the Zeise's salt and the corresponding ligand in good yields. 16 The Pt(II)−allene bond in the pyridine complexes has been shown to be stronger than the Pt−ethylene bond due to the relief of strain in the allene system upon coordination, 16a with the release of ethylene gas as the driving force of the reaction.
Analysis of the complexes in solution by 1 H NMR and solid state by X-ray crystallography showed in all cases η 2 -coordination in the ground state, with the platinum coordinated to the less substituted double bond in the complexes with mono-and 1,1-disubstituted allenes. This was supported by a clear shift of the protons in the terminal double bond to lower chemical shift in the 1 H NMR spectra, as reported for other metal-allene complexes. 2 Interestingly, five-coordinated complexes 3 and 4 showed an upfield shift (>1 ppm) compared with four-coordinated complexes 1 and 2, and larger J (Pt-H) , which supports the trigonal bypiramidal structure in these complexes (Scheme 3). This trend is also observed in the precursor ethylene complexes (see the SI for details), and it is in accordance with previous data reported for five-coordinated Pt-olefin complexes. 17, 18 Complexes 1 and 2 had been synthesized before, 19 but to the best of our knowledge, no crystal structure of the complexes has been reported to date. We were able to obtain crystals of the two pyridine-complexes (1 and 2) by slow diffusion of EtOAc into a petroleum ether solution. 20 The crystal structure of both compounds showed slipped η 2 -coordination with a clear deviation from linearity in the CCC bond (159.7(5)°i n 2, 153.7(3)°in 1), 21 elongation of the CC bond coordinated to the platinum (1.382 (8) 22 The observed asymmetric binding has been previously attributed to backbonding interactions between the platinum and the π* orbital of the noncoordinated double bond that strengthens the platinum−C (central) bond, and causes the bending. 23 Complexes 3 and 4 present a five-coordinated platinum(II), which is viable thanks to the fluxional behavior of the bidentate nitrogen ligand (DAD = PMP-NCH-CHN-PMP = diazadiene, Scheme 4). 24 This has been previously studied in (DAD)-Pt-olefin complexes, 16 and although we observed similar behavior in our experiments (see the SI for VT experiments showing the coalescence temperature), the details are not included here, as we were more interested in the fluxional behavior of the allene ligand.
The stability of the five-coordinated complex (DAD)PtCl 2 -(DMA) 3 in solution was poor, which made its isolation difficult. Therefore, this complex was characterized and used in situ once the ethylene gas had been completely excluded from the reaction mixture. Complex 4, however, was more stable and could be isolated in good yield.
During the synthesis of the (DAD)-PtCl 2 -allene complexes, we observed that complexation of the allene and displacement of the ethylene ligand were dependent on the solvent used. Moreover, we observed some dissociation of the allene in complex 4 depending on the solvent used to record the 1 H NMR spectra, in samples prepared from the isolated Pt-allene complexes. More interestingly, we observed that, excluding the chloroform, there was very good linear correlation between the ratio of free to coordinated allene (K eq in THF < Acetone < CH 3 CN) with several solvent parameters (Figure 3 ; see the SI for full details). For example, K eq decreases with higher dipole moment, donicity (DN), and surface tension (solvent parameter values for THF > Acetone > CH 3 CN) and increases with increasing dielectric constant, solvent polarity, or acceptor number (AN) (solvent parameter values for THF < Acetone < CH 3 CN). The best solvent to avoid dissociation of the allene seemed to be THF, with a high dipole moment, high donicity (DN = 20), 25 and low dielectric constant. The outliner behavior of the system in chloroform could be explained by the acidity and lack of coordinating ability of this solvent (DN is considered 0 for chlorohydrocarbons), which does not offer stabilization of the complex in solution and promotes decoordination and decomposition in the five-coordinated series.
These observations suggest ligand exchange processes and dynamic behavior in solution of these complexes, which is in agreement with previous reports in other metal-allene complexes fluxional behavior. Helical Movement and π-Face Exchange. Some data have been already reported in the study of fluxional behavior in Pt(II)-and Pt(0)-allene complexes using line-shape analysis and SST NMR techniques. The helical movement or 1,2-metal shift has been studied in Pt-cyclic allene complexes (where the rotational movement is not possible due to the rigidity of the system) by Jones et al. using magnetization transfer experiments. 27 They showed that a cationic Pt(II)-cycloheptatrienylidene complex exists preferably as the η Previous studies of Py-Pt(II)-allene complexes of type 1 have shown that the fluxional movement is mononuclear with the 195 Pt−CH 3 coupling retained while the rate is independent of the concentration of complex.
19,28 Besides, the influence of different substituted pyridine ligands showed that the rate of migration decreases with the increase basicity of the pyridines, which is in accordance with the increase in the strength of the Pt-allene π-bond with the σ-donor capacity of the ligands. Data for complex 1 with the unsubstituted pyridine showed a rate constant for the fluxional behavior of k = 30 s −1 at −46°C in CDCl 3 . 19b This rate was attributed to the helical movement (the Pt moves across the central carbon atom from one double bond to the other, which orbitals are orthogonal to each other), but the combination with the rotational movement was not analyzed in detail in this complex. In those studies, the rotational movement was suggested for the analogous complex with the DMA (2), to explain the same observed chemical shift, even at low temperatures, of the two terminal protons of the coordinated allene.
In order to obtain more information and all the thermodynamic parameters for the helical process, in which the platinum migrates between the allene double bonds, and to compare it with the rotational movement of the platinum around the allene axis, we analyzed complex 1 by dynamic exchange line-shape analysis using the DNMR module of TopSpin 3.0 (Bruker). 29 This software simulates temperaturedependent experimental spectra, interactively set up according to a number of parameters (e.g., chemical shifts, intensity, line broadening, or rate constants) which can be fixed or allowed to vary, and iteratively refines the model parameters to get the best fit of the measured and simulated 1D NMR spectra to extract exchange rates. Although the kinetic data obtained are less precise than those obtained using classic line-shape analysis, coalescence of the signals is not needed, which was key in our complexes. 1 H NMR spectra of the complex at different temperatures were used for the fitting in the DNMR module of the TopSpin. The 1 H NMR of complex 1 at room temperature in deuterated , and a third signal corresponding to the two methyl groups in the coordinated double bond, Me 1 and Me 2 ( Figure 4b ). One spectrum is fitted at a time in the DNMR module. To establish the model, the region to be fitted must be selected and the signals of the protons appearing in the region must be defined (chemical shifts, coupling constants, and intensity). Initially, a region containing no exchanging signals was selected and the protons defined, to first determine the appropriate LB (line broadening parameter) of the spectra (since the wrong value of this parameter will affect the values of the rate constants obtained). Once the LB was calculated for the spectra, a second region containing the exchanging protons was defined. In this case, as well as the chemical shifts, intensity, and LB value, the equilibria occurring between the exchanging protons were defined (rotational and helical movements). The values of the rate constants in these equilibria were the parameters to fit in this case. The simulated spectra obtained for each temperature along with the experimental ones are shown in Figure 5 . The rate constants for both processes at different temperatures were obtained by the explained protocol, with the overlap of the fitting of simulated to experimental data being higher than 90% in all the cases (Table 1 ; see the SI for full details).
As previously speculated by Vrieze et al., 19 the π-face exchange process (rotational movement) showed to be slightly slower than the helical movement for complex 1, as also shown when comparing the thermodynamic parameters for both processes in tetrachloroethane, calculated using the Eyring equation (i.e.: E a = 12 kcal mol −1 for rotational movement in 1; E a = 9.9 kcal mol −1 for helical movement in 1. See the SI for full ) point to a mechanism with similar intermediates or transition states in both processes. 31 Interestingly, the process in tetrachloroethane is slower than that in chloroform (k = 30 s −1 at −46°C in CDCl 3 ).
19
The rotational movement of the platinum around the allene was also studied in complex 2. The analysis of this complex has not been possible until now using classic techniques, due to decomposition temperatures higher than the coalescence temperature of the signals, which pointed to a very slow rotation. However, with our new SSTD NMR method, we were able to calculate the kinetic parameters of this process in 1,1,2,2-tetrachloroethane-d 2 , by measuring the magnetization transfer in the methyl groups undergoing chemical exchange (π-face exchange in this case), as the spin saturation transfer difference parameter (η SSTD ). Plotting this parameter versus the saturation times gave us build-up curves that fitted to the exponential equation allowed us to obtain the values of the rate constants of the process at the different temperatures (see the SI for full details). It is worth noting that the temperatures required for these experiments were higher (above room temperature) than the temperatures used in the line-shape analysis of complex 1. The calculated kinetic and thermodynamic parameters (ΔH ⧧ = 18.6 ± 0.4 kcal mol
) were in accordance with a slow process, as previously suggested, although the movement of the platinum is definitely happening.
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Helical and rotational movements have been proposed to be intrinsically related and can occur in an intermolecular (by simple dissociation−recombination mechanism) 12 or in an intramolecular fashion via η 1 -staggered intermediates (or transition states). These staggered intermediates can be either η 1 -bent allene structures, if the pathways goes through a Vrieze−Rosenblum mechanism, 32 or planar η 1 -allyl cation structures, in a higher energy process (Scheme 6). 26 Recently, studies by Widenhoefer et al. in Au-allene complexes showed that the π-face exchange in those complexes occurs through these staggered η 1 -intermediates with the 1,2-metal shift (helical movement) occurring as the first step of the process (although this intermediate was not directly observed in their experiments). 23 To gather more evidence of the mechanisms in our systems, we repeated the experiments changing the concentration of the platinum complex in the media. A change of the kinetic parameters with the concentration of the complex will be in accordance with an intermolecular mechanism, whereas the opposite will point to an intramolecular mechanism. We found that the rate was not dependent on the concentration at any temperature tested, pointing to an intramolecular process (for full analysis, see the SI).
The thermodynamic parameters were also calculated with different concentrations of the complex. As shown in Figure 6 (see the SI for full analysis), the values for the E a in both processes for complexes 1 and 2 suffered scarce variation with the change of concentration of the platinum complex, which suggests that both processes occur intramolecularly through η 33 which could be stabilized by an inductive effect in more substituted allenes, lowering the activation barrier for the 1,2-metal shift (helical movement), that could be the first step in the rotational movement process. This is also supported by the X-ray structures of the TMA and DMA complexes, where a more pronounced slippage toward the central carbon of the allene is observed in complex 1.
Ligand Exchange. It has been proposed before that, at temperatures > −40°C, the pyridine ligands in the Py-Pt-allene dissociate, with pyridines substituted with EWG dissociating This process of ligand exchange in Pt-allene complexes is important since it is the starting point of most of the catalytic cycles. Therefore, we decided to study it in more depth with Ptallene complexes bearing different N-containing ligands in the four-and five-coordinative structures using our SSTD NMR technique. It is worth noting here that this is the first time that the SSTD NMR method has been applied in the study of an intermolecular chemical exchange. The good results obtained for our complexes emphasize the relevance of this method and the potential for further application to the study of other ligand exchange processes in organometallic systems.
We first applied the SSTD NMR method to study the ligand exchange process in a mixture of (Py)PtCl 2 (DMA) 2 in the presence of free 1,1-dimethylallene (DMA). A preliminary experiment irradiating one of methyl groups of the coordinated allene showed that there was a transfer of saturation between this signal and the signal corresponding to the methyl groups in Organometallics XXXX, XXX, XXX−XXX the free allene, which indeed shows that ligand exchange is occurring. This process of ligand exchange appeared to be quicker than the internal rotation, and a temperature range of 293−313 K was enough to observe solely the ligand exchange, with no signs of the intramolecular rotational movement happening ( Figure 7) . 34 With the right conditions in hand, we calculated the rate constants at different temperatures for the ligand exchange process applying the SSTD NMR technique. We obtained build-up curves, which fitting gave us the rate constants at different temperatures (Figure 8 ). This allowed us to calculate the thermodynamic parameters of the ligand exchange using the Eyring equation: ΔH ⧧ = 6.4 ± 0.3 kcal mol ; ΔG ⧧ (298 K) = 19.6 ± 0.3 kcal mol −1 (see the SI for details). The value of the energy of activation for the ligand exchange confirms that this process is much faster than the rotational movement in the complex studied (ΔE a = 12.2 kcal mol −1 ). Competitive ligand-dependent and ligand-independent pathways are common for coordinatively unsaturated transitionmetal complexes and have been proposed before in other metal-allene complexes. 35 The allene-dependent mechanism is consistent with an associative mechanism involving direct attack of the free allene at the metal to form a bis(allene) intermediate, followed by rapid allene dissociation, or rapid solvation, followed by rapid associative exchange with free allene (Scheme 7). On the contrary, in the dissociative mechanism, the first step would be the dissociation of the allene ligand, and this is normally the rls in the process. Both pathways can be differentiated measuring the kinetic behavior with different concentrations of free allene in the media. The change in the speed of the process by changing the concentration of ligand, and a two-term rate law, would point to an associative mechanism, whereas, if no change in speed is observed with different concentrations of the external allene, it would indicate that the process occurs through a dissociative mechanism.
When the kinetic and thermodynamic parameters were calculated using different concentrations of free 1,1-dimethylallene (DMA) in the same system as above, minimum variations were observed in the rate constants and in the thermodynamic parameters (see the SI for full details), suggesting that the dissociative mechanism is occurring with this complex at the temperatures studied. 36 Dissociative mechanisms for ligand exchange have been observed for d 8 complexes when the geometry is distorted from square planar or if the coordination number is higher than four. 37 For comparison with the four-coordinated Pt-allene complex, and to confirm the dissociative mechanism, we also studied the ligand exchange process in the five-coordinated complex (DAD)PtCl 2 (DMA) 3. As mentioned before, the stability of this complex in chlorinated solvents was poor and the allene ligand exchange process was found to be slow (η SSTD = 0.0124 at 298 K for a saturation time of 40 s). We found that changing the solvent to THF improved both, stability and speed of the exchange (η SSTD = 0.4362 at 298 K for a saturation time of 40 s). This complex could not be isolated due to decomposition issues, so for the SSTD NMR study, samples were prepared in situ from a solution in THF-d 8 of the ethylene complex and an excess of dimethylallene displacing the ethylene from the media by bubbling nitrogen in the solution during 20 min. Although this methodology made it more challenging to precise the concentration of the complex in the sample, we could still obtain the build-up curves, the rate constants at different temperatures, and the thermodynamic ;
.7 ± 0.6 kcal mol −1 ) for the ligand exchange process of complex 3 and free DMA. Although measured in different solvents, these values are in the same range of the ones obtained for the four-coordinated complex 2, suggesting a dissociative mechanism in both cases. The fact that the process is faster in THF when compared to TCE might point to a more complex mechanism with fast solvation of the free platinum after allene dissociation.
In order to confirm the dissociative mechanism with a more stable, isolable five-coordinated complex, we studied the ligand exchange process using the SSTD NMR method with complex 4 and free cyclohexylallene (CHA). Similarly to complex 3, the stability of 4 was better and the speed of ligand exchange faster in THF as solvent when compared to TCE or chloroform. This is not surprising as the donicity of THF is much higher than the chlorinated solvents, normally considered nearly 0. 25 This is in agreement with the observations of allene dissociation mentioned when describing the synthesis of the complexes and suggests further stabilization by solvation and possible coordination of the THF at some stage in the mechanism. To investigate the ligand exchange process in this complex, a mixture of the platinum-allene complex and free allene was prepared in THD-d 8 . The signal chosen for irradiation was the signal of the external protons of the coordinated allene, which appears at 3.08 ppm in the 1 H NMR (Figure 9 ). Figure 10 depicts the build-up curves at different temperatures along with the obtained rate constants. With the values of the rate constants, the thermodynamic parameters were calculated using the Eyring equation as shown in Figure 11 .
The value for the activation energy for the diazadiene complex with cyclohexylallene is higher than the one obtained for the analogous complex with dimethylallene (ΔE a = 11.6 kcal mol −1 ), which points to a slower ligand exchange process for the cyclohexylallene. This will further support a dissociative mechanism, as 1,1-DMA is sterically more hindered than CHA and, therefore, easier to dissociate from the platinum coordination sphere.
Once again, to check the dependence of the ligand exchange process with the concentration of free allene, SSTD NMR experiments were carried out changing the concentration of CHA. The calculated rate constants with different amounts of free allene are shown in Figure 12 (for full analysis, see the SI). 
Organometallics
Article Again, no two-term rate low was observed in this system, and although the variation in the values is slightly bigger than in previous cases, possibly due to the involvement of the solvent in the ligand exchange as mentioned earlier, we can still observe no significant change in the kinetic or thermodynamic parameters with concentration of free allene, and therefore, a dissociative mechanism is proposed for this complex too.
Although comparison of the three studied processes has to be done with caution due to the different solvent and slightly different temperature range used in the analysis of the Py and DAD complexes, we observed a linear compensation effect when plotting values of ΔH ⧧ versus ΔS ⧧ for the three processes, which would further support the same type of mechanism along the series (see the SI for details).
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In summary, we have applied different NMR techniques to the study of the fluxional behavior of Pt-allene complexes with N-containing ligands in four and five coordination mode. We have obtained the kinetic and thermodynamic parameters for the three main processes occurring in solution: the ligand exchange, the helical and the rotational movements. Our results show that the helical and rotational movements occur intramolecularly and are closely related to each other, confirming η 1 -staggered structures as possible intermediates and suggesting that the helical movement could be the first step in the rotational pathway in the complexes studied. We have also revealed that the ligand exchange occurs mainly via a ligand-independent dissociative mechanism, where coordinating solvents might be involved in the stabilization of the intermediates.
Our results are in agreement with previous speculations on the behavior of platinum complexes, providing the lacking experimental evidence for comparison with other metals. For example, the results presented here, compared with those reported for Au-allene complexes, 23 show a divergent coordination in the ground state and behavior of Pt-allene complexes regarding ligand exchange, but related pathways for the rotational movement, although with different activation energies, which might explain the divergent reactivity observed with these two metals.
Although platinum complexes used in catalysis are most commonly free of ligands, the complexes studied in this work have shown to be active catalysts in the dihydroalkoxylation reaction of allenes. 10 Therefore, the information obtained with the complexes studied in this work can be extrapolated to real catalytic cycles where the coordination of the platinum to the allenes is generally the first step in the cycle. Understanding this coordination is a crucial step forward to the understanding of mechanisms involving Pt-allene systems, which is key to control the processes toward the development of new reactions and more complex structures. Besides, mechanisms of ligand exchange are very important not only for these complexes and the specific allene but for the whole field of organometallic chemistry and metal catalysis, and we are convinced that the application of our new SSTD NMR method will contribute to the discovery of new twists and turns in other organometallic systems.
■ EXPERIMENTAL SECTION (Py)PtCl 2 (ethylene). This compound was prepared from the Zeise's salt according to reported procedures.
14 Pyridine (1 mmol) was added dropwise to a stirred solution of the Zeise's salt (1.1 mmol) in distilled water (12 mL/mmol). The product precipitated. After stirring for an additional 40 min, the solid was isolated by filtration and washed with water. From 50 mg (0.136 mmol) of the Zeise's salt, the platinum alkene complex (37.8 mg, 74%) was obtained as a yellow solid. 1 (Py)PtCl 2 (DMA) 2. This compound had been previously reported. 17 To a solution of (Py)PtCl 2 (ethylene) (1 mmol) in DCM (70 mL/mmol) was added the allene (1 mmol). The solution was stirred for 10 min, and then the mixture was filtered through Celite and the solvent was evaporated, affording the platinum-allene complex. From 25 mg (0.067 mmol) of the platinum-alkene complex, the platinum-allene complex (31.2 mg, quantitative) was obtained as a yellow solid. 1 22 A solution of the Zeise's salt (1 mmol) in methanol (10 mL/mmol) was added dropwise to a solution of the α-diimine (1 mmol) in dichloromethane (100 mL/ mmol). The solution was stirred for 10 min. After filtration over Celite, the solvent was evaporated to dryness without heating the sample. From 100 mg (0.271 mmol) of the Zeise's salt, the platinum alkene complex (139.1 mg, 91%) was obtained as a red solid. 1 
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(DAD)PtCl 2 (DMA) 3. This compound was prepared in situ from a mixture of the (DAD)PtCl 2 (ethylene) (1 mmol) and the dimethylallene (1 mmol) in THF-d 8 (100 mL/mmol). A nitrogen flow was fluxed though the solution for 10 min to make sure that all the ethylene was removed. 1 
(DAD)PtCl 2 (CHA) 4. To a solution of the platinum-alkene complex (1 mmol) in DCM (70 mL/mmol) was added the allene (1 mmol). The solution was stirred for 10 min, and then the mixture was filtered through Celite and the solvent was evaporated, affording the platinumallene complex. From 35 mg (0.062 mmol) of the platinum-alkene complex, the platinum-allene complex (37.2 mg, 91%) was obtained as a red solid. 1 39 The analysis of the temperature-dependent 1 H NMR of the (Py)PtCl 2 (TMA) 1 was performed using the DNMR module of the TopSpin. This program simulates the spectra by setting up and refining the model parameters in order to adjust them to the experimentally obtained NMR. In the DNMR line-shape analysis tool, the parameters have to be defined in the parameter panel, starting with the chemical shift range of the spectra to be fitted. Secondly, the spin systems and each of the nuclei included in them must be set (LB, intensity or chemical shifts). The reactions (chemical exchanges) occurring in those systems also have to be defined. Finally, the parameters to be refined can be chosen, and the software then gives the best possible overlap with the measured spectra.
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General considerations for the SSTD NMR experiments: A standard 1D STD NMR pulse sequence provided by the manufacturer ("stddiff", Bruker) was used for the experiments. They were carried out on a 11.7 T high-resolution Bruker NMR spectrometer (500 MHz) equipped with an inverse triple resonance (H/C/N) z-gradient probe head. The total saturation time for a given experiment was built by a chain of "n" Gaussian pulses of 50 ms length, with a maximum field strength γB 1 of 104 Hz, providing a saturation time of "0.05·n" seconds. To avoid relaxation artifacts, all the experiments within a build-up curve had total duration constant; i.e., the addition of the relaxation delay plus the saturation time and the acquisition time was kept constant (42 s) along the whole set of experiments. On-resonance frequency was selected at the chemical shift of one of the 1 H signals of the exchanging sites, and the off-resonance (reference NMR spectrum) frequency was set in all the cases to 40 ppm. For all the SSTD NMR experiments, the spectral width was selected to cover the two signals of interest and centered (O1) at the frequency of the irradiated signal. Integration of signals was carried out using TopSpin 3.1.
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Crystallographic data for complexes 1 and 2 have been deposited at the Cambridge Crystallographic Data Centre (CCDC 1507881 (1) and CCDC 1507882 (2)) and can be obtained free of charge on their Web site (http://www.ccdc.cam.ac.uk).
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